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ABSTRACT
Wind-resistant design of buildings and their components plays an important role to reduces losses from extreme wind
events. LES provide a powerful tool to calculate wind loads on buildings, but the computational cost remains high.
The objective is to investigate if multi-fidelity simulation techniques can reduce the overall computational cost, while
maintaining the high accuracy required for design. We consider two methods for creating high-fidelity surrogate
models by combining RANS simulations for 15 wind directions with LES for only 3 wind directions: 1) a polynomial
chaos expansion and 2) Kriging interpolation. A surrogate is built for the mean and rms 𝐶 discrepancies between
RANS and LES and added to the RANS results. The multi-fidelity methods significantly improve the accuracy of the
rms 𝐶 predictions; for predictions at a 20o wind direction they result in a root-mean-square error that ranges from
6.1% – 7.1% compared to 22% for a standard RANS solution.
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1. INTRODUCTION
Computational Fluid Dynamics (CFD) can offer a powerful tool for calculating wind loads on
buildings, but the simulations often require a trade-off between accuracy and computational cost.
Reynolds-averaged Navier-Stokes (RANS) simulations solve the time-averaged Navier-Stokes
equations, resulting in a low computational cost, but also a reduced accuracy. Predictions of
turbulence statistics, such as the fluctuating pressure coefficient, can be particularly compromised,
since these requires the use of empirical models. On the other hand, large-eddy simulations (LES)
apply a spatial filter to the unsteady Navier-Stokes equations to provide a higher-fidelity solution,
although at a significantly higher computational cost than RANS. LES is the method of choice for
wind loading applications, which require accurate estimates of the turbulent fluctuations in the
wind pressures, but the high computational cost is a limiting factor for adoption in the design
process.
In this presentation, we investigate a multi-fidelity approach to obtain accurate predictions of the
mean and root-mean-square (rms) pressure coefficients on a high-rise building, without relying
exclusively on computationally expensive LES evaluations. The main idea is that a cost-effective
approximation of the high-fidelity LES prediction as a function of the wind direction can be found
with a surrogate model based on many low-fidelity model evaluations in combination with a few
evaluations of the discrepancy between the low- and high-fidelity models. We explore two
approaches to build the surrogates: 1) a non-intrusive polynomial chaos expansion (PCE) and 2)
kriging interpolation. In this abstract, we focus on the results for the rms 𝐶 , since this is a more
challenging problem than the prediction of the mean 𝐶 .
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2. METHODOLOGY
The model is based on wind tunnel experiments conducted in the atmospheric boundary layer
(ABL) wind tunnel at the Politecnico di Milano (Lamberti et al. 2020). It is a 1:50 scale high-rise
building model, with model scale dimensions 2 x 1 x 0.3 m. We focus on wind directions from 0o
- 90o due to the symmetry of the geometry.
Fig. 2 depicts the multi-fidelity framework. First, we evaluate the mean and fluctuating pressure
coefficients with the RANS and LES models. For the RANS model, the fluctuating pressure
coefficient, 𝐶 , is evaluated using the Paterson-Holmes empirical model (Paterson and Holmes,
1989). Then, we calculate the discrepancy between the two model predictions at a small number
of wind directions, and we build a surrogate model for this discrepancy with either PCE or Kriging
interpolation (Ng et al., 2012; Van Beers et al., 2004). Finally, the surrogate model for the
discrepancy is added to a surrogate model obtained from RANS results for a large number of wind
directions. The resulting multi-fidelity surrogate model can then be used to evaluate the statistics
for any wind direction. As indicated in Fig. 2, we used 15 RANS and 3 LES (at 0o, 45o, and 90o
for the Kriging model, and at 13o, 45o, and 77o for the PCE) to construct the surrogate model.

Figure 2. Multi-fidelity workflow

3. RESULTS
Fig. 3 shows the contours of 𝐶 on the building surface for the 20o wind direction, comparing the
results of the Paterson-Holmes model (Fig. 3a), the LES (Fig. 3b), and the MF results of the
Kriging interpolation (Fig. 3c) and PCE (Fig. 3d). Note that the LES result for the 20o wind
direction were not used as input to the multi-fidelity model; it only serves as a validation data set.

Figure 3. Contours of rms pressure coefficient at 20o.
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Both multi-fidelity approaches provide a significant improvement over the Paterson-Holmes
model, with a root mean square error (RMSE) of 22% for Paterson Holmes, 6.1% for the Kriging
approach and 7.1% for the PCE. Fig. 4 plots the profiles of 𝐶 along different perimeters of the
building; this more detailed analysis confirm that the MF models provide a significant
improvement over the empirical model, but it also indicates a few locations near the building
corners and on the roof with discrepancies between the multi-fidelity and LES results.

Figure 4. Profiles of rms pressure coefficient at 20o.

4. CONCLUSIONS AND FUTURE WORK
This study aims to investigate the use of a MF framework that combines information from RANS
simulations at a large number of wind directions with LES at a small subset of wind directions, to
improve the prediction of mean and rms pressure coefficients on buildings. We explored both a
non-intrusive PCE and a Kriging interpolation approach to approximate the discrepancy function
between low- and high-fidelity models, and subsequently build a multi-fidelity surrogate model
that can be used to evaluate the quantities of interest for every desired wind direction.
The results indicate that the prediction of mean and fluctuating pressure coefficients from RANS
can be significantly improved by leveraging additional information from the results of 3 LES.
Future work will focus on investigating strategies that could reduce some of the local discrepancies
observed between the multi-fidelity and LES solutions and on modelling more complex
geometries. This will likely require the incorporation of data from additional LES; in this respect,
Kriging interpolation, which can incorporate information from any wind direction, is expected to
offer a more flexible approach.
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